The solubility isotherms of the systems Na 2 SO 4 ·10H 2 O-Na 2 SeO 4 ·10H 2 O-H 2 O and Na 2 SO 4 ·7H 2 O-Na 2 SeO 4 ·7H 2 O-H 2 O have been investigated at 15°C. It is established that discontinuous series of mixed crystals are formed in both systems. Two methods of calculation of the free Gibbs energy of phase transition at the interruption point of the solubility diagrams are used: (i) on the basis of the composition of the two mixed crystal types, which are in equilibrium with the saturated solution in the eutonic point of the system, and (ii) from the distribution coefficients between each of the mixed crystal phases and their saturated solution, using both experimentally obtained values and calculated distribution coefficients for ideal isomorphic mixing. The data found by the two methods exhibit very good agreement. It is established that the free Gibbs energy of the phase transition in the case of decahydrates is lower than in the case of heptahydrates. This fact is considered as a confirmation of the buffering action of water molecules with respect to the distortion of the crystal structures of the pure salts provoked by the formation of mixed crystals.
INTRODUCTION
In the systems Na 2 SO 4 Sodium sulfate and sodium selenate tend to form supersaturated solutions with respect to both the decahydrate and the heptahydrate [2, 3] . The supersaturated solutions can be stored for months under suitable conditions: protection from sharp temperature changes and preservation in well-closed vessels with a view to avoiding the penetration of nuclei. Since the dehydrates are isostructural [4, 5] , the same can be supposed about the heptahydrates. This assumption is based on the analogous compounds type and the analogous solubility diagrams, as well as on the fact that the introduction of crystal seeds of one heptahydrate causes crystallization of the other heptahydrate from the supersaturated solution, which is also valid for the decahydrates [2, 3] .
It was of interest to study mixed crystal formation in the system sodium sulfate/sodium selenate/water between decahydrates (under equilibrium conditions) and between heptahydrates (metastable solubility in supersaturated solutions). The parallel study of these two systems at the same temperature would permit comparing the co-crystallization of the two pairs of crystal hydrates and drawing some thermodynamic conclusions. For this aim, the temperature 15°C was chosen.
EXPERIMENTAL*
The system Na 2 The solubilities were studied by the method of isothermal decrease of supersaturation [7] . Saturated solutions containing different sulfate/selenate ratios were prepared at 100°C for investigating the system Na 2 SO 4 ·10H 2 O-Na 2 SeO 4 ·10H 2 O-H 2 O. These solutions were transferred to a vessel thermostated at 15°C and after temperature stabilization, supersaturation was reduced by addition of sodium sulfate or sodium selenate decahydrate seeds. The solubility diagram of the system Na 2 SO 4 ·7H 2 O-Na 2 SeO 4 ·7H 2 O-H 2 O (supersaturated solutions with respect to the decahydrates) at 15°C was investigated as follows: at 20 °C (when sodium selenate heptahydrate has its highest solubility [3] ) saturated solutions with respect to heptahydrates, containing different sulfate/selenate ratios, were prepared. After filtering, the solutions were placed in a vessel thermostated at 15°C and the supersaturation was decreased by adding sodium sulfate or sodium selenate heptahydrate seeds. The equilibrium composition of the mixed crystals was achieved by stirring at 15 °C for 48 h. The thermostated vessel and all the glass vessels used were washed carefully with distilled hot water before placing the samples in them. Prior to the withdrawal of samples for determining the composition of the equilibrium solid and liquid phases, a small amount of the liquid phase was taken out and a sodium sulfate decahydrate seed was introduced in it in order to check whether the solution was supersaturated with respect to the decahydrates.
The liquid and solid phases were analyzed by gravimetric determination of the selenate ion content using the method of precipitation of selenium from hydrochloric acid solutions by reduction with hydrazine hydrochloride [8] . After determination of selenates, the filtrate was used for gravimetric determination of the sulfate ions as BaSO 4 [9] . The accuracy of the analysis methods was 0.1-0.2 %. The composition of the thoroughly suction-dried solid phase was calculated by the variant of Schreinmakers' method for indirect algebraic determination of mixed crystals composition [10] . Tables 1 and 2 It is established that in each of both systems, two series of mixed crystals are formed based on sodium sulfate decahydrate (or heptahydrate) and on sodium selenate decahydrate (or heptahydrate), respectively. The distribution coefficients of the components between the solid and liquid phases were calculated (Tables 1  and 2 ). Calculation of the free Gibbs energy of phase transitions using solubility data 1795 O were calculated on the basis of the compositions of the two kinds of mixed crystals coexisting in equilibrium with the liquid phase. The condition needed for equilibrium of the component i between the solid phases I and II is:
RESULTS
Here x i stands for the molar part and f i for the rational activity coefficient of the component i in the mixed crystals, while the mixed crystal phases with sodium sulfate or sodium selenate structures are denoted by I and II, respectively. . In the case of nonideal mixed crystals, the ratio f 1 /f 2 will change with the composition of the system, which will be observed as a monotonic variation of the distribution coefficient D of the components between the mixed crystals and the solution with increasing amount of the salt admixture content in the system. The constancy of the distribution coefficients for all concentration ratios provides evidence for a relative constancy of the ratio f 1 /f 2 . In the case of ideal mixed crystals, f 1 = f i = 1.
In the system Na 2 SO 4 -Na 2 SeO 4 -H 2 O, the formation of Na 2 (SO 4 , SeO 4 )·10H 2 O and Na 2 (SO 4 ; SeO 4 )·7H 2 O mixed crystals showing constant values of the distribution coefficients between the mixed crystals and the solution can be explained by a "buffering and screening effect" of the high number of water molecules in the mixed crystal phases [12] . In earlier papers [13] [14] [15] , we have shown that such a constant value of the distribution coefficient actually corresponds to the formation of close to ideal mixed crystals. On the basis of this assumption from eq. 2, we obtain (3) Here, the indices 1 and 2 designate the two salt components: sodium sulfate and sodium selenate, respectively.
The compositions of each of the two mixed crystal phases coexisting at the eutonic point were calculated using the equations [14] : (4) Here D 2/1I refers to the distribution coefficient of component 2 between the solid phase of component 1 with structure I and the solution. Analogously, D 1/2II refers to the distribution coefficient of component 1 between a solid phase of component 2 with structure II and the solution. The distribution coefficients data calculated from the experimentally obtained compositions of the solid and liquid phases lying in the closest proximity to the eutonic point, the molalities m 1 and m 2 of salts 1 and 2 in the solution at the eutonic point, and the equation x 1 + x 2 + x 3 = 1 were used. On the basis of the calculated compositions and eqs. 3, the free Gibbs energies for the respective phase transitions were found. The data are presented in Table 3 .
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Calculation of the free Gibbs energy of phase transitions using solubility data 1797 Applying the theory for isomorphous and isodimorphous co-crystallization and using experimental data for the distribution coefficients D exp , a second method was also developed for calculation of the free Gibbs energy ∆G of the phase transition at the interruption point in the mixed crystals series. From the scheme of isodimorphous co-crystallization (Fig. 3) it follows [13, 14] :
Indices idm and im denote isodimorphic or isomorphic mixing. On the assumption of ideal isomorphic mixing, the distribution coefficients of the components between the mixed crystals and the solution D im were calculated from the solubilities M 1 and M 2 (in molalities) of both components in their binary aqueous solutions [14, 15] : (6) Using the experimental data on D 2/1 idm ≡ D exp and the calculated data on D 2/1 im (assuming formation of a continuous mixed crystal series), one can find the free Gibbs energy of phase transition according to eqs. 5. The results obtained are given in Table 4 . The data in Tables 3 and 4 3 Scheme for isomorphous and isodimorphous mixing [13, 14] . 
